The concentrations of immunoglobulins IgG, IgM and IgA and their age dependence were determined in the serum of normal, untreated beagle dogs by a newly developed sandwich enzyme-linkedimmuno-sorbent-assay (ELISA). A clear age-dependent increase between « 0.8 and 1.6 years of age was observed for the immunoglobulin IgA, whereas IgG and IgM showed only a slight tendency to an agedependent increase. For immunotoxicological characterization of various compounds especially in long term studies, this IgA age-dependence has to be considered in the planning and interpretation of studies with beagle dogs.
Introduction
Serum protein electrophoresis in routine animal clinical chemistry laboratory testing allows the determination of the total γ-globulin fraction, but due to the poor resolution of the method, it cannot distinguish between the individual immunoglobulin classes such as IgG, IgM and IgA. Therefore sandwich enzymelinked-immuno-sorbent-assays (ELISAs) were established to quantitate the individual serum immunoglobulins, IgG, IgM, IgA, in order to follow the changes in these quantities in systemic tolerance studies in beagle dogs.
Materials and Methods
A total of 67 untreated beagle dogs (Breeder: Winkelmann, Germany) were employed in this study for determination of the immunoglobulin classes IgG, IgM arijd IgA. This population of animals consisted of two groups of beagle dogs from two experiments. Group A from the first experiment consisted of altogether 31 dogs (15 c? and 16$; weighing 7.5 to 16.2 kg, aged 34 to 44 weeks = 0.8 years) and group B from the second experiment consisted of 36 dogs (21 (J and 16 $; weighing ΙΟ-Ι 7 kg, aged 82 to 240 weeks = 1.6-4.6 years). The animals were housed in individual cages under conventional conditions, and received a diet of Altromin" and tap water ad libitum. Prior to blood collection (17 -20 h) the animals were fasted. Blood for the preparation of serum samples was collected from the v. jugularis without anaesthesia.
Polystyrene microtitre plates were obtained from Greiner (Solingen, Germany).
All three immunoglobulins, IgG, IgM and IgA were determined according to a sandwich ELISA using unlabelled affinity-purified goat anti-dog antibodies for coating and enzyme-labelled antibody for detection. Unlabelled and alkaline phosphataselabelled 1 ), affinity-purified goat anti-dog IgG and anti-dog IgM antibody were obtained from Kirkegaard & Perry Laboratories (Gaitherburg, USA). Unlabelled and horseradish peroxidaselabelled 1 ) affinity-purified goat anti-dog IgA antibody were obtained from Bethyl Laboratories (Montgomery, USA).
Purified dog IgG and IgM whole molecule (Chemicon, Temecula, USA) were used as standards. Purified dog IgA was not available commercially and therefore a dog IgA reference serum was taken from a radial-immuno-diffusion (RID) kit (Bethyl Laboratories, Montgomery, USA) and used initially as a standard. Later, serum from one beagle dog (Breeder: Winkelmann, Germany) was calibrated against this serum in ELISA to be used as a standard for further determinations, to minimize the batch-to-batch variations of this commercially available reference serum. A separate serum pool from male and female beagle dogs was prepared for use as an internal quality control serum. All immunochemicals were stored in appropriate aliquots at -25 °C, even when the manufacturer stipulated 4 °C, because the results were also reproducible at -25 °C. The enzymelabelled goat anti-dog IgA was stored at the prescribed 4 °C.
) Enzymes
Alkaline phosphatase (EC 3.1.3.1) Horseradish peroxidase (EC 1.11.1.7)
Phosphate-buffered saline tablets, />-nitrophenyl phosphate tablets (alkaline phosphatase substrate) 1 ), 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) tablets (horseradish peroxidase substrate) 1 ) and Tween 20 were purchased from Sigma (Munich, Germany), whereas powdered substrate buffer from Boehringer (Mannheim, Germany) and sodium-dodecyl-sulphate were purchased from Βίο-Rad (Munich, Germany). All other chemicals were of guaranteed reagent grade and obtained from Merck (Darmstadt, Germany) or Riedel de Haen (Seelze, Germany). Phosphate-buffered saline (containing 137 mmol/1 NaCl, 2.7 mmol/1 KC1,10 mmol/1 phosphate, pH 7.35) was used as coating buffer. A solution containing 0.5 ml/1 Tween 20 in demineralized water was used for washing, and phosphate-buffered saline containing 0.5 ml/1 Tween 20 was used as the blocking solution and as the diluent for standards, samples and enzyme-labelled antibodies.
The phosphatase substrate solution contained 3.8 mmol/1 pnitrophenyl phosphate, 0.5 mmol/1 magnesium chloride, 1.01 mol/1 diethanolamine adjusted to pH 9.8 with HC1. The stop solution used was 3 mol/1 NaOH.
The horseradish peroxidase substrate buffer was prepared from powdered material (Boehringer: Mannheim, Germany); the substrate solution contained 1.9 mmol/1 2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid), 3.2 mmol/1 sodium perborate and 100 mmol/1 phosphate/citrate pH 4.4. The stop reagent was a 10 g/1 aqueous solution of sodium-dodecyl-sulphate.
A micro-plate washer (Model 1550, Βίο-Rad) was used to wash the plates and a dilutor (Microlab 1000, Hamilton) was used to dilute the standards and samples. Absorbances of developed enzymatic reactions were determined on a microplate reader (Model 3550, Bio-Rad).
Microtitre plates were separately coated with 100 μΐ of unlabelled antibody (5mg/l) per well for 12-72 h at 4°C. After coating, the plates were washed with washing solution (300 μΐ/ well) three times, and unbound sites were blocked with 250 μΐ blocking solution/well, at 37 °C for one hour. Thereafter the blocking solution was decanted. Duplicates of diluent (blanks), standards and appropriate diluted serum samples, each consisting of 100 μΐ/well, were incubated at 37 °C for 2 h. The plates were washed again three times and appropriately diluted enzyme-labelled antibodies (100 μΐ/well) were added and further incubated at 37 °C for 2 h. The washing was repeated, then 100 μΐ substrate solution per well were added and incubated at 37 °C for 45 min. The colour reaction was terminated by adding 50 μΐ of stop solution. The absorbance was read at 405 nm for both substrates and measured against a reference wavelength (655 nm for p-nitrophenyl phosphate; 490 nm for 2,2'-azinobis(3-ethylbenzthiazoline-6-sulphonic acid). The concentrations of standards used for IgG, IgM and IgA ELISAs were 5, 10, 15, 20 μ §/1; 25, 50, 100, 150 μg/l and 50, 100, 200, 300, 400 μg/l, respectively. Serum samples were diluted to 1 : 600 000 for IgG and 1 :10000 for IgM and IgA. To measure IgG and IgM concentrations, phosphatase-labelled antibodies (stock solution 0.1 g/1) were diluted 1 :1000 and 1 : 500 and horseradish peroxidase-labelled anti-dog IgA (1 g/1) was diluted 1 : 2500.
The serum immunoglobulin concentrations of all samples were calculated from the standard curve which was obtained from the best fit line of each data point by linear regression.
Statistical analysis
For the statistical analysis, the two groups A and Β were compared by one-sided Wilcoxon tests for an age-dependent increase in IgG, IgM and IgA serum concentrations, since it is assumed that there is no difference between the sexes, with respect to the immunoglobulin concentrations. (Within group A, a two-sided Wilcoxon test was conducted to see whether there were differences between the two sexes.) Moreover, for the second group a covariance analysis was performed with sex as a factor and age as a covariate. In view of the wide age range and different distributions of age for each sex, this seemed to be appropriate. For the covariance analysis, the p-values were calculated according to type III sum of squares. The results of the tests are presented as p-values, which were obtained by approximation in the case of the non-parametric tests.
Results
The typical standard curves for dog IgG, IgM and IgA ELISAs are illustrated in figure 1.
As can be seen, the standard curves are linear within a range of 5-20 μ §/1, 25-150 μg/l and 50-400 μg/l for IgG, IgM and IgA, respectively. For all three standard curves the correlation coefficient calculated Glickman et al. (7), using a large beagle population, observed an age-dependent increase for all three immunoglobulin classes (IgG, IgM and IgA), whereas in our beagles, held under standardized pathogen-free conditions, a distinct age-dependent increase was only observed in IgA serum concentrations. This may be due to the differences in general health conditions of the dogs, as the large population (N = 929) of Clickman et al. (7) also included animals with various infections.
The ELISA developed in this study has the advantages of reproducibility, sensitivity and less cross-reactivity. Moreover it is more economical than RID, may be automatized and may be used for immunotoxicological characterization of various compounds, especially in long-term studies in beagle dogs; however, the age distribution of the animals has to be considered in planning animal studies, in view of the clear agedependence found for the immunoglobulin A.
